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1.1. Quark production at LO

When q% < L, the nucleus size:

an electron-proton collision
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1.1. Quark production at LO
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1.1. Quark production at LO

S(x.): the S-matrix for a dipole

3;‘ = exp [—%a(l/xi)in] in the leading log approx.

with transport coefficient (jet quenching parameter)

§(1/x3) = 552 pxG (x,1/x3)

Baier, Dokshitzer, Mueller, Peigne and Schiff, Nucl. Phys. B 484, 265 (1997).

In McLerran-Venugopalan (MV) model: Q? = gL
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1.1. Quark production at LO

When qi_ > L:

a1 X% L X%
G —— PG —
v z 0 v F [

: 1z Xi g X g : 1: X, X,
dN Qch 2 2 ! 2 27 —iky (x1—x2)
= 1 — L 1 2
&b, d?k,  32r° /d xad X2/0 [+ (1 =2)]e

X Vi Ko(y/ Q2x2z(1 — 2)) V., Ko(y/ @2x22(1 — 2))

X[S(Xl - X2) - S(Xl) - S(Xz) + 1]
in a frame in which the nucleus is moving along the negative z-direction.
A. H. Mueller, Nucl. Phys. B 558, 285 (1999).
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1.2 QCD corrections to quark production

To calculate vacuum and medium-induced radiation:

(a) for q% <L
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1.2 QCD corrections to quark production

Help to solve one open question in heavy-ion collisions:

nucleus nucleus

7 3 bulk matter;

interplay between vacuum and medium-induced radiation
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2.1 The vacuum radiation

The Sudakov double log (AT = 0 gauge):

A+B~ -2

d/2 T drt
N

Mueller, BW, Xiao and Yuan, arXiv:1608.07339.
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2.2 Sudakov double log and multiple scattering

Conclusion:

Multiple scattering does not modify the Sudakov factor.

Reason:

\[*/q*
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2.2 Sudakov double log and multiple scattering

Conclusion:

Multiple scattering does not modify the Sudakov factor.

Reason:
I*/q*
AT/4 2. 1/k>1/q"
1 /
N [’
()
& Sudakov
c’b
X% \
v g+C can<®
1.B, <X,
0 k,2~1/x,? Q? |%~1/B 2

The medium can not "see” the radiated gluon.
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2.3 Medium-induced radiation

Medium induced double log with B, > x;:

<Pi>rad = k %

with ry the nucleon size.
Liou, Mueller and BW (2013).

Interpretation: radiative correction to g
Blaizot & Mehtar-Tani (2014); lancu (2014).
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2.3 Medium-induced radiation

Resummation of medium-induced double log:

if Xi > 1/@r0,

4
G, = %a%x L(2v/@sK) if 1/Gr0 > x3 >1/4L.
g [ﬁh(z\/@sm) +(1- 2) h(2Va:K7)| if 2 <1/4L.

with K = In 2 andT—Inf
X1

Liou, Mueller and BW (2013); lancu & Triantafyllopoulos (2014).
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3.1 QCD correction to quark production: q% <L

For q% < L:
dN XL ik, s 1
d?bd?k, (2n)2® PN 2 1]Qe
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3.1 QCD correction to quark production: q% <L

For q% < L:

aN d’x. T 1
d?bd?k, (2n)? PXAN\ X S 1@z

L
1 G

></ dzexp | —26:x z JGTE 2 (Q2XJ2_)
0 4 2

N——

medium-induced vacuum radiation

See, for resummation, Collins, Soper & Sterman (1985); Mueller, Xiao & Yuan (2013).
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3.1 QCD correction to quark production: q% <L

Two double logs are factorized:

I*/qt
A9 2. 1/k">1/q”
1 /
N '
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& Sudakov
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XQ) \
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3.1 QCD correction to quark production: q% <L
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3.1 QCD correction to quark production: q% <L

To study nuclear effects, Q should not be large!

v xi (1
dbd?k, (2n)2 PN\ S 1)@z

2

medium-induced vacuum radiation

L
></ dz exp —lc?txiz _asCr In? (szi)
0 N
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3.1 QCD correction to quark production: q% <L

To study nuclear effects, Q should not be large!

Otherwise,
dv d’x. ST N 1
d2bd?k, (2n)2 PN\ S 1)@z
L
OlsCF 2 2 2
></0 dz exp o In (Q xl)

vacuum radiation
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3.1 QCD correction to quark production: q% <L

Dijet azimuthal angular distributions (Q — p,)

Dijet Angular Correlation at the LHC
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Figure: p; =120 GeV and 50 GeV in PbPb collisions at the LHC.

Mueller, BW, Xiao and Yuan, Phys. Lett. B 763, 208 (2016).
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3.2 QCD correction to quark production: q% > L

When q% > L

dN — 1 X1 X
d2bld2kl 3276 /dledzxz/ [z +(1—z) le ki-(a—x)

XV Ko(y/ Q2x2z(1 — 2)) V., Ko(y/ @2x22(1 — 2))
X[S(Xl — X2) — S(Xl) — S(Xz) + 1]
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3.2 QCD correction to quark production:

When q% > L

1
qT>>L

2 1 .
dN Q Nc /d2X1d2X2/ [22 +(1 —Z)z]e_lkl'(xl_X2)
0

d?b, d?k,  32n°
XV Ko(y/ Q2x2z(1 — 2)) V., Ko(y/ @2x22(1 — 2))

asC
% [S(a — x2) — S(x1) — S(x0) + 1] e~ 3= (@4
| —

medium-induced vacuum radiation
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3.2 QCD correction to quark production: q% > L

Two double logs are factorized:

A [* /q +
torm=1/0"
1 /
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C Sudakov @
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3.2 QCD correction to quark production: q% > L

The small-x evolution

BK:

First 3 graphs: The Balitsky-Kovchegov (BK) equation

0 o Olch 2 X120
oy S(Xlo’ b ¥) = 22 2X220X221
X[S(xiz, b+ 722, Y)S(x0, bi + 58, ¥) = S(an, b, V)

Initial condition: S(x., b1, Yo) = e~ 4920 in the MV model
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3.2 QCD correction to quark production: q% > L

The small-x evolution and medium-induced double log

BK:

S(Y0):

First 3 graphs: The Balitsky-Kovchegov (BK) equation

9] asNc X5
= Y) =
GYS(XN’ b, Y) 272 /d 2 X0 X3

x[S(x2, bu + 52, ¥)S(x0, b + 2, Y) = S(xo, b1, V)]
Last 3 graphs: Initial condition S(x., b, , Yo) = e~ #%5% at Y = Y = In(LM)
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Summary

1. Sudakov (vacuum) and medium-induced double logs factorize.

I+/q+

l+/q+
tom=L tom=1/q" tom=1/q"
1 1
o
Sudakov & Sudakov ‘\d’/\
& P
sindle scatterin vx‘b X
ion
E\(e\lo\u“" )
- tom=ro G o tem=ro
| _—
0] aro gL 1/x.? @ 12 ofal oL 1x.? @ 12

2. To study parton saturation, @ should not be too large.
3. Energy loss from vacuum and medium-induced radiation?
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